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(54) Luminescence device, display apparatus and metal coordination compound 



(57) A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The layer contains a metal coordination compound represented by the following formula (1 ): 




(1), 



iO 

^ wherein M denotes Ir. Rh or Pd; n is 2 or 3; and X1 to X8 independently denote hydrogen atom or a substituent selected 

0> from the group consisting of halogen atom; nitro group; trifluoromethyl group trialkylsilyl group having three linear or 
branched alkyi groups each independently having 1-8 carfc>on atoms; and a linear or branched alkyt group having 2 

^ - 20 carbon atoms capable of including one or at least two non-neighboring methylene groups which can be replaced 
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with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -C=C- and capable of including hydrogen atom which can be replaced 
with fluorine atom; with the proviso that at least one of XI to X8 is a substituent other than hydrogen atom, and X2 and 
X3 cannot be fluorine atom at the same time. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 [0001] The present Invention relates to a luminescence device, a metal coordination compound therefor and a display 
apparatus including the luminescence device. More specifically, the present invention relates to an organic (electro-) 
luminescence device employing a meta! coordination compound having a formula (1 ) or (2) appearing hereinafter as 
a luminescence material, the metal coordination compound adapted for use in the luminescence device, and a display 
apparatus using the luminescence device. 

10 [0002] An organic electroluminescence (EL) device has been extensively studied as a luminescence device with a 
high responsiveness and high efficiency. 

[0003] The organic EL device generally has a sectional structure as shown in Figure 1 A or 1 B (e.g., as described in 
"Macromol. Symp.", 125. pp. 1 - 48 (1997)). 

[0004] Refemng to the figures, the EL device generally has a structure including a transparent substrate 1 5, a trans- 
15 parent electrode 14 disposed on the transparent substrate 1 5, a metal electrode 11 disposed opposite to the transparent 
electrode 14, and a plurality of organic (compound) layers disposed between the transparent electrode 14 and the 
metal electrode 11. 

[0005] Refemng to Figure 1 . the EL device in this embodiment has two organic layers including a luminescence layer 
12 and a hole transport layer 13. 
20 [0006] The transparent electrode 14 may be formed of a film of ITO (Indium tin oxide) having a larger work function 
to ensure a good hole injection performance into the hole transport layer. On the other hand, the metal electrode 11 
may be formed of a layer of aluminum, magnesium, alloys thereof, etc., having a smaller work function to ensure a 
good electron injection performance into the organic layer(s). 

[0007] These (transparent and metal) electrodes 14 and 11 may be formed in a thickness of 50 - 200 nm. 

25 [0008] The luminescence layer 12 may be formed of. e.g., aluminum qutnolinol complex (representative example 
thereof may include A!q3 described hereinafter) having an electron transporting characteristic and a luminescent char- 
acteristic. The hole transport layer 13 may be formed of, e.g., triphenyldlamine derivative (representative example 
thereof may include a-NPD described hereinafter) having an electron donating characteristic. 
[0009] The above-described EL device exhibits a rectification characteristic, so that when an electric field is applied 

30 between the metal electrode 11 as a cathode and the transparent electrode 14 as an anode, electrons are injected 
from the metal electrode 11 into the luminescence layer 12 and holes are injected from the transparent electrodes 14. 
[0010] The thus-injected holes and electrons are recombined within the luminescence layer 12 to produce excitons, 
thus causing luminescence. At that time, the hole transport layer 13 functions as an electron-blocking layer to increase 
a recombination efficiency at the boundary between the luminescence layer 12 and the hole transport layer 13. thus 

35 enhancing a luminescence efficiency. 

[0011] Referring to Figure IB, in addition to the layers shown in Figure 1 A, an electron transport layer 16 is disposed 
between the metal electrode 11 and the luminescence layer 12, whereby an effective carrier blocking performance can 
be ensured by separating functions of luminescence, electron transport and hole transport, thus allowing effective 
luminescence. 

40 [0012] The electron transport layer 18 may be fonmed of, e.g., oxadiazole derivatives. 

[001 3] In ordinary organic EL devices, fluorescence caused during a transition of luminescent center molecule from 
a singlet excited state to a ground state is used as luminescence. 

[0014] On the other hand, not the above fluorescence (luminescence) via singlet exciton. phosphorescence (lumi- 
nescence) via triplet exciton has been studied for use in organic EL device as described in. e.g.. "Improved energy 
45 transfer In electrophosphorescent device" (D.F. O'Brien et al.. Applied Physics Letters, Vol. 74, No. 3. pp. 442 - 444 
(1999)) and "Very high-efficiency green organic light-emitting devices based on electrophosphorescence" (M.A. Baldo 
et al., Applied Physics Letters, Vol. 75. No. 1, pp. 4 - 6 (1999)). 

[0015] The EL devices shown in these documents may generally have a sectional structure shown in Figure 10. 
[0016] Referring to Figure 10, four organic layers including a hole transfer layer 13, a luminescence layer 12. an 
50 exciton diffusion-prevention layer 17. and an electron transport layer 16 are successively fonned in this order on the 
transparent electrode (anode) 14. 

[0017] In the above documents, higher efficiencies have been achieved by using four organic layers including a hole 
transport layer 13 of a-NPD (shown below), an electron transport layer 16 of Alq3 (shown below), an exciton diffusion- 
prevention layer 17 of BPO (shown below), and a luminescence layer 12 of a mixture of OPB (shown below) as a host 
55 material with lr(ppy)3 (shown below) or PtOEP (shown below) as a guest phosphorescence material doped into CBP 
at a concentration of ca. 6 wt. %. 
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Alq3: tris(8-hydroxyquinollne) aluminum (aluminum-qulnollnol complex). 

a-NPD: N4,N4'-di-naphthalene-1-yl-N4,N4'-diphenyl-biphenyl-4.4'-diamlne (4,4-bis[N-(1-naphthyl)-N-phenyl- 
aminolbiphenyl). 
55 CBP: 4,4'-N,N*-dicarba20le-biphenyl. 

BCP: 2,9-dimethyl-4.7-diphenyl-1 .10-phenanthroline, 

^^{PPyh- fac tris{2-phenylpyridine)iridium (iridium-phenylpyridine complex), and 

PtEOP: 2.3.7.8. 12. 13.1 7. 18-octaethyl-21H.23H-porphine platinum (platinum-octaethy! porphine complex). 
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[0018] The phosphorescence (luminescence) material used in the luminescence layer 12 has attracted notice. This 
is because the phosphorescence material is expected to provide a higher luminescence efficiency in principle. 
[0019] More specifically, in the case of the phosphorescence material, excitons produced by recombination of carriers 
comprise singtet excitons and triplet excitons presented in a ratio of 1:3. For this reason, when fluorescence caused 
5 during the transition from the singlet excited state to the ground state is utilized, a resultant luminescence efficiency is 
25 % (as upper limit) based on all the produced excitons in principle. 

[0020] On the other hand, in the case of utilizing phosphorescence caused during transition from the triplet excited 
state, a resultant luminescence efficiency is expected to be at least three times that of the case of fluorescence in 
principle. In addition thereto, if intersystem crossing from the singlet excited state (higher energy level) to the triplet 
10 excited state is taken into consideration, the luminescence efficiency of phosphorescence can be expected to be 100 
% (four times that of fluorescence) in principle. 

[0021] The use of phosphorescence based on transition from the triplet excited state has also been proposed in. e. 

g., Japanese Laid-Open Patent Application (JP-A) 11-329739. JP-A 11-256148 and JP-A 8-319482. 

[0022] An iridium-phenyipyrimidine complex having a methyl substituent has been described in "Preprint for the 61 -th 

15 Academical Lecture of the Applied Physics Society of Japan", the third volume, P.1 11 7, 6p-ZH-1 (2000) ("Document 
r). Further, an iridium-phenyipyrimidine complex having 4-, 5-fluorine substituents (herein, referred to as a "metal 
coordination compound A" has been described in "Polymer Preprints". 41(1), pp. 770 - 771 (2000) ("Document 2"). 
[0023] However, the above-mentioned organic EL devices utilizing phosphorescence have accompanied with a prob- 
lem of luminescent deterioration particulariy in an energized state. 

20 [0024] The reason for luminescent deterioration has not been clarified as yet but may be attributable to such a phe- 
nomenon that the life of triplet exciton is generally longer than that of singlet exciton by at least three digits, so that 
molecule Is placed in a higher-energy state for a long period to cause reaction with ambient substance, formation of 
exciplex or exclmer, change In minute molecular structure, structural change of ambient substance, etc. 
[0025] Accordingly, the (electro)phosphorescence EL device is expected to provide a higher luminescence efficiency 

25 as described above, while the EL device is required to suppress or minimize the luminescent deterioration in energized 
state. 

SUMMARY OF THE INVENTION 

30 [0026] An object of the present invention is to provide a luminescence device capable of providing a high-efficiency 
luminescent state at a high brightness (or luminance) for a long period while minimizing the deterioration in lumines- 
cence in energized state. 

[0027] Herein, although evaluation criteria for "high efficiency" and "high brightness (luminance) for a long period" 
may vary depending on luminescent perfonnances required for an objective luminescence device (EL device), for 
35 example, a luminescence efficiency of at least 1 cd/W based on an inputted current value rftay be evaluated as "high 
efficiency". Further, a luminance half-life of, e.g., at least 500 hours at the time of luminescence at an initial luminance 
of 100 cd/m^ may be evaluated as "high brightness (luminance) for a long period" or a smaller luminance deterioration 
in energized state. 

[0028] Another object of the present invention is to provide a metal coordination compound as a material suitable 
<o for an organic layer for the luminescence device. 

[0029] According to the present invention, there is provided a luminescence device, comprising: an organic com- 
pound layer comprising a metal coordination compound represented by the following formula (1): 
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wherein M denotes Ir, Rh or Pd; n is 2 or 3; and X1 to X8 independently denote hydrogen atom or a substituent selected 
from the group consisting of halogen atom; nitro group: trifluoromethyt group; trialkylsilyl group having three linear or 
branched aikyi groups each independently having 1-8 carbon atoms: and a linear or branched alkyi group having 2 
- 20 carbon atoms capable of including one or at least two non-neighboring methylene groups which can be replaced 
5 with -0-, -S-, -CO-, -CO-0-, -0-C0-, -CH=CH- or -CsC-and capable of including hydrogen atom which can be replaced 
with fluorine atom; with the proviso that at least one of X1 to X8 is a substituent other than hydrogen atom, and X2 and 
X3 cannot be fluorine atom at the same time. 

[0030] According to the present invention, there is also provided a metal coordination compound, adapted for use 
in a luminescence device, represented by the following formula (1 ): 

10 




(1). 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; and X1 to X8 independently denote hydrogen atom or a substituent selected 
from the group consisting of halogen atom; nitro group; trifluoromethyl group trialkylsilyl group having three linear or 
branched alkyI groups each independently having 1-8 carbon atoms; and a linear or branched alkyI group having 2 
30 - 20 carbon atoms capable of including one or at least two non-neighboring methylene groups which can be replaced 
with -0-, -S-, -CO-, -C0-0-, -0-CO-, -CH=CH-or-C=C-and capable of including hydrogen atom which can be replaced 
with fluorine atom; with the proviso that at least one of X1 to X8 is a substituent other than hydrogen atom, and X2 and 
X3 cannot be fluorine atom at the same time. 

[0031] The present invention provides a luminescence device, comprising: an organic compound layer comprising 
35 a metal coordination compound represented by the following formula (2): 




(2), 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; Y denotes an alkylene group having 2-4 carbon atoms capable of including 
one or at least two non-neighboring methylene groups which can be replaced with -0-, -S-or -CO- and capable of 
including hydrogen atom which can be replaced with a linear or branched alkyI group having 1-10 carbon atoms; and 
XI and X2 independently denote hydrogen atom; halogen atom; nitro group: trialkylsilyl group having 1-8 carbon 
atoms; or a linear or branched alkyI group having 1-20 carbon atoms capable of including one or at least two non- 
neighboring methylene groups which can be replaced with -0-, -S-, -CO-. -C0-0-. -0-C0-, -CH=CH- or -C=C- and 
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capable of including hydrogen atom which can be replaced with fluorine atom. 

[0032] The present invention also provides a metal coordination compound, adapted for use in a luminescence de- 
vice, represented by the following formula (2): 



10 



15 




(2), 



n 



20 

wherein M denotes fr, Rh or Pd; n is 2 or 3; Y denotes an alkylene group having 2-4 carbon atoms capable of including 
one or at least two non-neighboring methylene groups which can be replaced with -0-, -S- or -CO- and capable of 
including hydrogen atom which can be replaced with a linear or branched alkyi group having 1-10 carbon atoms; and 
XI and X2 independently denote hydrogen atom; halogen atom; nitro group; trialkylsilyl group having 1-8 carbon 
25 atoms; or a linear or branched alkyI group having 1-20 carbon atoms capable of including one or at least two non- 
neighboring methylene groups which can be replaced with -0-, -S-, -CO-, -C0-0-. -0-C0-, -CH=CH- or -C=C- and 
capable of including hydrogen atom which can be replaced with fluorine atom. 

[0033] The present invention further provides a display apparatus including the above-mentioned luminescence de- 
vice and drive means for driving the luminescence device. 
30 [0034] These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0035] Figures 1A, 1B and 10 are respectively a schematic sectional view of a layer structure of a luminescence 
device. 

[0036] Figure 2 is a graph showing a relationship between a Hammett's substitution constant a and a peak (maximum) 
emission wavelength Xp^. 

40 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0037] In the case where a luminescence layer for an organic EL device is formed of a carrier transporting host 
material and a phosphorescent guest material, a process of emission of light (phosphorescence) may generally involve 
45 the following steps: 

(1) transport of electron and hole within a luminescence layer, 

(2) formation of exciton of the host material, 

(3) transmission of excited energy between host material molecules, 

50 (4) transmission of excited energy from the host material molecule to the guest material molecule, 

(5) formation of triplet exciton of the guest material, and 

(6) emission of light (phosphorescence) caused during transition from the triplet excited state to the ground state 
of the guest material. 

55 [0038] In the above steps, desired energy transmission and luminescence may generally be caused based on various 
quenching and competition. 

[0039] In order to improve a luminescence efficiency of the EL device, a luminescence center material per se is 
required to provide a higher yield of luminescence quantum. In addition thereto, an efficient energy transfer between 
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host material molecules and/or between host material molecule and guest material molecule is also an important factor. 
[0040] Further, the above-described luminescent deterioration in energized state may presumably relate to the lu- 
minescent center material per se or an environmental change thereof by its ambient molecular stnjcture. 
[0041] For this reason, our research group has extensively investigated an effect of use of various metal coordination 
5 compounds as the luminescent center material and as a result, has found that the metal coordination compound rep- 
resented by the above-mentioned fomiula (1 ) or (2) allows a high-efficiency luminescence with a high brightness (lu- 
minance) for a long period (i.e., a decreased luminescent deterioration in energized state). 

[0042] The metal coordination compound of formula (1 ) may preferably have substituents X1 to X8 in which at least 
two of X1 to X8 are substituents other than hydrogen atom. Further, in the formula (1), at least one of X5 to X8 may 
10 preferably be a substituent other than hydrogen atom and/or at least two of X1 to X4 may preferably be substituents 
other than hydrogen atom. 

[0043] The metal coordination compound represented by the formulas (1 ) causes phosphorescence (luminescence) 
and is assumed to have a lowest excited state comprising a triplet excited state liable to cause metal-to-ligand charge 
transfer (MLCT* state). The phosphorescent emission of light (phosphorescence) is produced during the transition 
15 from the MLCT* state to the ground state. 

[0044] The metal coordination compound of formula (1 ) according to the present invention has been found to provide 
a higher phosphorescence yield of 0.1 - 0.9 and a shorter phosphorescence life of 1 - 60 ^sec. 
[0045] A phosphorescence yield (P(m)) is obtained based on the following equation: 

20 

P(m)/P{s) = (S(m)/S{s)) x (A(s)/A(m)), 



wherein P(m) represents a phosphorescence yield of an (unknown) objective luminescent material. P(s) represents a 
known (standard) phosphorescence yield of standard luminescent materia! (Ir(ppy)3). S(m) represents an integrated 
25 intensity of (photo-)excited emission spectrum of the objective material, S(s) represents a known integrated intensity 
of the standard material, A(m) represents an absorption spectmm of an excited light wavelength of the objective ma- 
terial, and A(s) represents a known absorption spectrum of the standard material. 

[0046] The shorter phosphorescence life is necessary to provide a resultant EL device with a higher luminescence 
efficiency. This is because the longer phosphorescence life increases molecules placed in their triplet excited state 
30 which is a waiting state for phosphorescence, thus lowering the resultant luminescence efficiency particulariy at a 

higher current density. 

[0047] Accordingly, the metal coordination compound of fomriula (1 ) according to the present invention is a suitable 
luminescent material for an EL device with a higher phosphorescence yield and a shorter phosphorescence life. 
[0048] Further, we have found that it is possible to control an emission wavelength of the metal coordination com- 

35 pound of formula (1) by appropriately modifyincf the substituents X1 to X8 thereof. In this regard, as a result of our' 
investigation on various phosphorescence metal coordination compounds for a blue luminescence material required 
to have a peak (maximum) emission wavelength of at most 490 nm, we have found that it is very effective to Introduce 
at least one substituent having a Hammett's substituent constant of at least 0.2 into the metal coordination compound 
of formula (1) in order to provide a shorter peak emission wavelength. 

40 [0049] More specifically we investigated a relationship between Hammett's substituent constants a of substituents 
X2. X3 and X4 with respect to carbon atom connected to iridium of an iridium complex (metal coordination compound) 
shown below and peak emission wavelengths Xpg in toluene at 25 °C. 



50 




[0050] With respect to the Hammett's substituent constant a. a Hammett's substituent constant am for meta-position 
55 was used for the substituents X2 and X4 and a Hammett's substituent constant ap for para-position was used for the 
substituent X3. When two or more substituents other than hydrogen atom were present at X2 to X4. a sum of om and 
ap was used as a Hammett's substituent constant a. 

[0051] In the present invention, specific values of am and ap described on pages 96-103 (Table 1 ) of "Correlation 
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between Structure and Activation of Drugs", Chemical Region Extra Edition 122, issued by Nanko-do (Japan) were 
used as those for X2 to X4. A part of om and op described therein is shown in Table 1 below. 

Table 1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Substituent 


op 


am 


F 


0.06 


0.34 


CI 


0.23 


0.37 


CF3 


0.54 


0.43 



[0052] For example, a metal coordination compound (Example Compound No. (121) appearing hereinafter, X2 = F, 
X3 = CF3, X4 = H) has a Hammett's substituent constant o = 0.34 + 0.54 = 0.88. In a similar manner, Hammett's 
substituent constants a of several metal coordination compounds (Ex. Comp. Nos. (1 ), (32), (122) and (111 ) described 
later and the metal coordination compound A described in the above-mentioned Document 2) are calculated and shown 
in Table 2 below together with corresponding peak emission wavelength Xp^ in toluene at 25 °C. The results of Table 
2 are also shown in Figure 2. 

Table 2 



Compound 


a 


XpE (nm) 


Ex. Comp. No. (1) 


0.06 


522 


Metal coordination compound A 


0.40 


505 


Ex. Comp. No. (32) 


0.54 


487 


Ex. Comp. No. (122) 


0.68 


471 


Ex. Comp. No. (121) 


0.88 


466 


Ex. Comp. No. (111) 


0.91 


479 



[0053] As apparent from Table 2 and Figure 2, introduction of substituent(s) having a larger Hammett's substituent 
constant is very effective to shorten the peak emission wavelength. Specifically, the metal coordination compound 
having the sum of peak emission wavelengths of at least 0,41, particulariy at least 0.50 is suitable as the blue lumi- 
nescent material. A similar effect can be expected also for metal coordination compounds other than the metal coor- 
dination compound of formula (1 ) of the present invention. 

[0054] As described above, the metal coordination compound of formula (1) Is a suitable luminescent material for 
the EL device. , 

[0055] Further, as shown in Examples appearing hereinafter, it has been substantiated that the metal coordination 
compound of fonnula (1 ) of the present invention has an excellent stability in a continuous energization test. 
[0056] This may be attributable to introduction of particular substituents (XI to X8) allowing control of intermoiecular 
interaction with a host luminescent material (e.g., C6P described above) and suppression of formation of associated 
exciton leading to thermal quenching, thus minimizing quenching to improve device characteristics. 
[0057] In this regard, the methyl group of methyl-substituted iridium-phenylpyrimldine complex described in the 
above-mentioned Document 1 has a smaller bulkiness than ethyl group and methoxy group and a smaller electronic 
effect than halogen atom» trifluoromethyl group and methoxy group. As a result, the effect of controlling intermoiecular 
interaction in the present invention cannot be expected. 

[0058] Further, compared with 4-, 5-fluorine (substituted) Iridlum-phenylpyrimidine complex (metal coordination com- 
pound A) described In the above-mentioned Document 2, it has been substantiated that a luminescence device using 
the metal coordination compound of formula (1 ) according to the present invention has a higher durability, i.e., a higher 
luminance stability for a long period, shown in Examples described later. 

[0059] Further, In the case of phosphorescent (luminescent) material, luminescent characteristics are largely affected 
by its molecular environment. On the other hand, prindpal characteristics of the fluorescent material are studied based 
on photoluminescence. 

[0060] For this reason, results of photoluminescence of the phosphorescent material do not reflect luminescent char- 
acteristics of the resultant EL device in many cases since the luminescent characteristics in the case of the phospho- 
rescent material depend on a magnitude of polarity of ambient host material molecules, ambient temperature, presence 
state of the material (e.g., solid state or liquid state, etc. Accordingly, different from the fluorescent material, it is generally 
difficult to expect the resultant EL characteristics for the phosphorescent material by simply removing a part of char- 
acteristics from photoluminescence results. 

[0061] Next, the metal coordination compound of formula (2) according to the present invention will be described. 
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[0062] The metal coordination compound of fomriula (2) may preferably have hydrogen atom(s) as at least one of 

X1 and X2 in the fomiula (2). 

[0063] Similarly as the metal coordination compound of formula (1 ), the metal coordination compound of fonmula (2) 
also causes phosphorescence (luminescence) and is assumed to have a lowest excited state comprising a triplet 
5 excited state liable to cause metal-to-ligand charge transfer (MLCT* state). The phosphorescent emission of light (phos- 
phorescence) is produced during the transition from the MLCT* state to the ground state. 

[0064] The metal coordination compound according to the present invention has been found to provide a higher 
phosphorescence yield of 0.1 5 - 0.9 and a shorter phosphorescence life of 1 - 40 ^sec, as a result of a luminescence 
test based on photoluminescence by photo-excitation. 
10 [0065] The shorter phosphorescence life is necessary to provide a resultant EL device with a higher luminescence 
efficiency. This is because the longer phosphorescence life increases molecules placed in their triplet excited state 
which Is a waiting state for phosphorescence, thus lowering the resultant luminescence efficiency particulariy at a 
higher current density. 

[0066] Accordingly, the metal coordination compound of formula (2) according to the present invention is a suitable 
15 luminescent material for an EL device with a higher phosphorescence yield and a shorter phosphorescence life. 

[0067] Further, by appropriately modifying the alkylene group Y and/or the substituents X1 and X2. emission wave- 
length control can be expected for the resultant metal coordination compound of formula (2). 
[0068] As described above, the metal coordination compound of formula (2) is a suitable luminescent material for 
the EL device. 

20 [0069] Further, as shown in Examples appearing hereinafter, it has been substantiated that the metal coordination 
compound of formula (2) of the present invention has an excellent stability in a continuous energization test. 
[0070] This may be attributable to introduction of particular alkylene group and/or substituents (Y, X1 , X2) allowing 
control of intennolecular interaction with a host luminescent material (e.g., CBP described above) and suppression of 
formation of associated exciton leading to thermal quenching, thus minimizing quenching to improve device charac- 

25 teristics. 

[0071] The luminescence device (EL) device according to the present invention employs the above-mentioned metal 
coordination compound in an organic layer, particulariy a luminescence layer. 

[0072] Specifically, the luminescence device may preferably include the organic layer comprising the metal coordi- 
nation compound of formula (1) or formula (2) between a pair of oppositely disposed electrodes comprising a trans- 
30 parent electrode (anode) and a metal electrode (cathode) which are supplied with a voltage to cause luminescence. 

thus constituting an electric-field luminescence device. 

[0073] The liquid crystal of the present Invention has a layer structure shown In Figures 1A to 1C as specifically 
described above. 

[0074] By the use of the metal coordination compound of formula (1 ) or formula (2) of the present invention, the 
35 resultant luminescence device has a high luminescence efficiency as described above. 

[0075] The luminescence device according to the present invention may be applicable to devices required to allow 
energy saving and high luminance, such as those for display apparatus and illumination apparatus, a light source for 
printers, and backlight (unit) for a liquid crystal display apparatus. Specifically, in the case of using the luminescence 
device of the present invention in the display apparatus, it is possible to provide a flat panel display apparatus capable 
40 of exhibiting an excellent energy saving performance, a high visibility and a good lightweight property. With respect to 
the light source, it becomes possible to replace a laser light source of laser beam printer currently used widely with 
the luminescence device according to the present invention. Further, when the luminescence device of the present 
invention is arranged in independently addressable arrays as an exposure means for effecting desired exposure of 
light to a photosensitive dmm for forming an image, it becomes possible to considerably reducing the volume (size) of 
45 image forming apparatus. With respect to the illumination apparatus and backlight (unit), the resultant apparatus (unit) 
using the luminescence device of the present invention is expected to have an energy saving effect. 
[0076] The metal coordination compound of formula (1 ) may generally be synthesized through the following reaction 
scheme. 
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(Iridium complex) 
[0077] 




Ir(CH3COCHCOCH3)3 ^ jr(L^^ 



or 



IrCljJHzO-l^L-^ lIr(L)2Cl]2 ^ ir(L)^ 



(Rhodium complex) 

[0078] Rh complex may be synthesized in the same manner as in ir corrfplex shown above. 
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(Palladium complex) 
[0079] 




[0080] Specific and non-exhaustive examples of the metal coordination compound of fonnula (1 ) may include those 
(Example Compound Nos. (1-1) to (1-180)) shown in Tables 3-8 wherein Ex. Comp. Nos. (1-1) to (1-180) are simply 
indicated as (1) to (180), respectively. 
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[0081] The metal coordination compound of fomnula (2) may generally be synthesized through the following reaction 
scheme. 

(Iridium complex) 
[0082] 




(OH)2 



Br— (}— Xj 




Ir(CH3COCHCOCH3)3- 



3XL 



Ir(L)3 



or 



IrCl, 



2XL 



[Ir(L)iai2 



Ir(L), 



(Rhodium complex) 

[0083] Rh complex may be synthesized in the same manner as in Ir complex shown above. 

(Palladium complex) 

[0084] 




Bu: butyl 



[0085] Specific and non-exhaustive examples of the metal coordination compound of formula (2) may include those 
(Example Compound Nos. (2-1) to (2-200) shown in Tables 9 - 15 wherein Ex. Comp. Nos. (2-1) to (2-200) are simply 
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indicated as (1) to (200), respectively. 

[0086] In Tables 9-15, symbols A to C for alkyiene group Y represents alkylene groups shown below. 



f R, R2 

A: — CH2CH2— B: — cHjCHCHj — C: -CHaCHCHCHj — 

f f?i f?i 

D:— CH2PCH2— E:— CH2CH0 — F: — ochcHj— G: — ocho 



H:-oCHCHCH2— I: — CH2CHCH0— J: — CHiOCHCHj- K:— chsCHCX^Hj- 



L: —SCHCHCHa— Mt— CHjCHCHS— N: — CHaSCHCHj- O: — CHsCHSCHa" 



P:— CH2<Ihc— Q:— CCHCHa— R- — COCH2- S: — CH2OC — 



»?1 f 

T: — coHo- U: -_cH2CO— V:_ochc— W:_occh2- 
^ o 00 



X:-o^2CHCo- Zt-cHjCcho— A':-ciHiHO— B'i-cHjChoc— 
o O o o 



Cr^scHCHC- 
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Table 9 





No 


M 


n 


Y 




R2 


Xi 


X2 


5 


(1) 


Ir 


3 


A 


- 


- 


H 


H 




(2) 


Ir 


3 


A 


- 


- 


OCH3 


H 




(3) 


Ir 


3 


B 


H 


- 


H 


H 


10 


(4) 


Ir 


3 


B 


H 


- 


OCH3 


H 


(5) 


Ir 


3 


B 


H 


- 


H 


CF3 




(6) 


Ir 


3 


B 


H 


- 


H 


CI 




(7) 


Ir 


3 


B 


CH3 


- 


H 


H 


15 


(8) 


Ir 


3 


B 


CH3 


- 


F 


H 




(9) 


Ir 


3 


B 


CH3 


- 


NO2 


H 




(10) 


Ir 


3 


B 




- 


H 


H 


20 


(11) 


Ir 


3 


B 


C3H7 


- 


H 


CF3 


(12) 


Ir 


3 


B 


C2H5(CH3)CHCH2 


- 


H 


H 




(13) 


Ir 


4 


B 


^6^13 


- 


OCH(CH3)2 


H 




(14) 


Ir 


3 


B 


C10H21 


- 


Si{CH3)3 


H 


25 


(15) 


Ir 


3 


C 


H 


H 


H 


H 




(16) 


Ir 


3 


C 


H 


H 


OCH3 


H 




(17) 


Ir 


3 


C 


H 


H 


H 


CF3 


30 


(18) 


Ir 


3 


C 


H 


H 


F 


H 


(19) 


Ir 


3 


C 


H 


H 


NO2 


H 




(20) 


Ir 


3 


C 


H 


H 




H 




(21) 


Ir 


3 


C 


H 


H 


0(CH2)2C3F7 


H 


35 


(22) 


Ir 


3 


C 


H 


H 


' H 


SI(C2H5)3 




(23) 


Ir 


3 


C 


H 


H 


H 


Br 




(24) 


ir 


3 


C 


H 


H 


CH3 


H 


40 


(25) 




3 


C 


CH3 


H 


CH3 


H 


(26) 




3 


C 


H 


CH3 


H 


H 




(27) 




3 


c 


CH3 


CH3 


H 


H 




(28) 




3 


c 


C3H7 


H 


Si(CH3)3 


H 


45 


(29) 




3 


c 


H 




H 


H 




(30) 




3 


c 


^&^^7 


H 


CI 


H 



Table 10 



55 



No 


M 


n 


Y 


Ri 


R2 


Xi 


X2 


(31) 


Ir 


3 


C 


C2H5 


C2H5 


H 


C7F15 


(32) 


Ir 


3 


C 


H 




NO2 


H 


(33) 


Ir 


3 


C 


^10*^21 


H 


CF3 


H 


(34) 


Ir 


3 


C 


H 


C9H19 


H 


OC4H9 
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Table 10 (continued) 



5 



10 



IS 



25 



35 



No 


M 


n 


Y 




R2 




X2 


(35) 


Ir 


O 


LJ 






l_l 

n 


1 1 

n 


/oe\ 

(36) 


Ir 


o 


U 






OCH3 


n 


(37) 


Ir 


3 


E 


H 




H 


H 


(38) 


Ir 


3 


E 


H 




H 


NO2 


(39) 


Ir 


3 


E 


CH3 




H 


H 


(40) 


Ir 


3 


E 


CH3 




OCH3 


H 


(41) 


Ir 


3 


E 


CH3 




H 


CF3 


(42) 


Ir 


3 


E 


CH3 




NO2 


H 


(43) 


Ir 


3 


E 


CH3 




OC3H7 


H 


(44) 


Ir 


3 


E 


C2H5 




H 


H 


(45) 


Ir 


3 


E 


C2H5 




H 


CF3 


(46) 


Ir 


3 


E 


C3H7 




H 


H 


(47) 


Ir 


3 


E 


C3H7 




OC5H11 


H 


(48) 


Ir 


3 


E 


'^''3/2 ^ 2 




H 


H 


(49) 


Ir 


3 


E 






H 




(50) 


Ir 


3 


E 






H 


H 


(51) 


Ir 


3 


E 






H 


Br 


(52) 


Ir 


3 


E 


^6^13 




NO2 


H 


(53) 


Ir 


3 


E 






H 


H 


(54) 


Ir 


3 


E 






OCH2C=CCH3 


H 


(55) 


Ir 


3 


E 


^10"21 




M 


1 1 
n 


(56) 


Ir 


3 


E 


C10H21 




OCH2CH=CH2 


H 


(57) 


Ir 


3 


F 


H 




OCH3 


H 


(58) 


Ir 


3 


F 


CH3 




H 


H 


(59) 


Ir 


3 


F 


CH3 




OCH3 


H 


(60) 


Ir 


3 


F 


C2H5 




H 


CF3 
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45 



50 



55 



No 


M 


n 


Y 


Ri 


R2 


Xi 


X2 


(61) 


Ir 


3 


F 






OCH(CH3)2 


H 


(62) 


Ir 


3 


F 






Si(CH3)2C8Hi7 


H 


(63) 


Ir 


3 


G 


H 




0CH3 


H 


(64) 


Ir 


3 


G 


H 




H 


CF3 


(65) 


Ir 


3 


G 


H 




0(CH2)30CH2C2F5 


H 


(66) 


Ir 


3 


G 


CH3 




H 


H 


(67) 


Ir 


3 


H 


H 


H 


H 


H 


(68) 


Ir 


3 


H 


CH3 


H 


Si(CH3)3 


H 


(69) 


Ir 


3 


H 


H 


CH3 


H 


CI 
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Table 11 (continued) 



5 



10 



15 



25 



No 




n 


Y 




R2 


V 


X2 


(70) 




3 




H 


1 1 

H 


H 


t 1 

n 


(71) 




3 




H 


H 


UOn3 


H 


(72) 




3 




H 


H 


H 


CF3 


(73) 




3 




H 


H 


H 


CH3 


(74) 




3 




C2H5 


H 


COOC2H5 


H 


(75) 




3 




H 


^5^11 


OCH2CH=CH2 


H 


(76) 




3 


J 


H 




H 


H 


(77) 




3 


J 


H 




NO2 


H 


(78) 




3 


J 


CH3 




OCH3 


H 


(79) 




3 


K 


H 




H 


H 


(80) 




3 


K 


H 




H 


Si(CH3)3 


(81) 




3 


K 


C3H7 




H 


CF3 


(82) 




3 


L 


H 


H 


H 


H 


(83) 




3 


L 


CH3 


H 


SC2H5 


H 


(84) 




3 


L 


H 


CH3 


0CgH^3 


H 


/OCX 

(85) 




O 


M 


1 1 
n 


H 


1 1 
n 


11 
n 


(86) 




3 


M 


C2H5 


H 


COOC3H7 


H 


(87) 




3 


M 


H 


C2H5 


H 


0(CH2)3C2F5 


(88) 




3 


N 




H 


H 


H 


(89) 




3 


N 




C2H5 


H 


NO2 


(90) 




3 


N 






CI 


H 
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40 



45 



so 



55 



No 


M 


n 


Y 


Ri 


R2 


Xi 


X2 


(91) 




3 


0 


H 




H 


H 


(92) 




3 


0 


H 




H 


Si(C2H5)3 


(93) 




3 


0 


^8^17 




OCH(CH3)2 


H 


(94) 




3 


P 


H 




H 


H 


(95)' 




3 


P 


C3H7 




H 


COOCH3 


(96) 




3 


P 






H 


H 


(97) 




3 


Q 


H 




H 


H 


(98) 




3 


Q 






0(CH2)3CH=CH2 


H 


(99) 




3 


R 






H 


H 


(100) 




3 


R 






H 


CF3 


(101) 




3 


S 






H 


H 


(102) 




3 


S 






OC2H5 


H 


(103) 




3 


T 


H 




H 


Br 


(104) 




3 


T 


C2H5 




H 


H 
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Table 12 (continued) 



No 


M 


n 


Y 




R2 


v 

Xi 


X2 


(105) 


Ir 


3 


U 






H 


H 


(106) 


Ir 


3 


U 






H 




(107) 


Ir 


3 


V 


H 




H 


H 


(108) 


Ir 


3 


w 






OCH2C=CCH3 


H 


(109) 


Ir 


3 


X 


CH3 




H 


H 


(110) 


Ir 


3 


z 




H 


0(CH2)2CH(CH3)2 


H 


(111) 


Ir 


3 


z 




C3H7 


H 


H 


(112) 


Ir 


3 


A* 


H 


H 


H 


H 


(113) 


Ir 


3 


B* 


H 




H 


NO2 


(114) 


Ir 


3 


B' 


CH3 




H 


H 


(115) 


ir 


3 




H 


^9"l9 


OCn3 


M 


(116) 


Pt 


2 


A 






H 


H 


(117) 


Pt 


2 


B 


H 




H 


H 


(118) 


Pt 


2 


B 


H 




H 


C4F9 


(119) 


Pt 


2 


B 


CH3 




OCH3 


H 


(120) 


Pt 


2 


B 


C3H7 




H 


CF3 



Table 13 



30 



35 



40 



45 



50 



55 



No 


M 


n 


Y 


Ri 


R2 


Xi 


X2 


(121) 


Pt 


2 


8 






H 


H 


(122) 


Pt 


2 


C 


H 


H 


H 


H 


(123) 


Pt . 


2 


C 


H 


H , 


H 


CF3 


(124) 


Pt 


2 


C 


CH3 


CH3 


H 


H 


(125) 


Pt 


2 


C 


C2H5 


H 


H 


H 


(126) 


Pt 


2 


C 




H 


OCH3. 


H 


(127) 


Pt 


2 


D 






H 


H 


(128) 


Pt 


2 


E 


H 




H 


H 


(129) 


Pt 


2 


E 


CH3 




H 


H 


(130) 


Pt 


2 


E 


CH3 




H 


H 


(131) 


Pt 


2 


E 


CH3 




H 


NO2 


(132) 


Pt 


2 


E 


^6^13 




OC2H5 


H 


(133) 


Pt 


2 


F 


CH3 




H 


H 


(134) 


Pt 


2 


F 


C2H5 




H 


CF3 


(135) 


Pt 


2 


G 


H 




H 


H 


(136) 


Pt 


2 


G 


H 




H 


Si(CH3)3 


(137) 


Pt 


2 


G 


C4H9 




H 


CH3 


(138) 


Pt 


2 


H 


H 




H 


H 


(139) 


PI 


2 


1 


H 


H 


H 


H 



24 
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Table 13 (continued) 



5 



10 



15 



No 


M 


n 


Y 




R2 


Xi 


X2 


(140) 


Pt 


2 


1 


C2H5 


H 


H 


Si(C2H5)3 


(141) 


Pt 


2 


J 




H 


H 


H 


(142) 


Pt 


2 


K 






H 


H 


(143) 


Pt 


2 


L 


^8^17 


H 


SC2H5 


H 


(144) 


Pt 


2 


N 




H 


H 


H 


(145) 


Pt 


2 


0 


H 




H 


H 


(146) 


Pt 


2 


P 


H 




H 


H 


(147) 


Pt 


2 


Q 


H 




H 


CH3 


(148) 


Pt 


2 


R 






H 


H 


(149) 


Pt 


2 


U 






H 


H 


(150) 


Pt 


2 


V 


H 




NO2 


H 



20 

Table 14 



25 



30 



35 



40 



45 



50 



55 



No 


M 


n 


Y 




R2 


Xi 


X2 


(151) 


Pt 


2 


W 


- 


- 


H 


H 


(152) 


Pt 


2 


X 


CH3 


- 


H 


H 


(153) 


Pt 


2 


z 


- 


H 


H 


H 


(154) 


Pt 


2 


A* 


H 


H 


H 


H 


(155) 


Pt 


2 


B' 


H 




OCH3 


H 


(156) 


Pt 


2 


C 


H 


H 


H 


CF3 


(157) 


Rh 


3 


B 


H 




H 


Br 


(158) 


Rh 


. 3 


B 


H 




A OCeH-|3 


H 


(159) 


Rh 


3 


B 


CH3 




H 


H 


(160) 


Rh 


3 


C 


H 


H 


H 


H 


(161) 


Rh 


3 


C 


H 


H 


OCH3 


H 


(162) 


Rh 


3 


C 


H 


H 


NO2 


H 


(163) 


Rh 


3 


C 


H 


CH3 


H 


H 


(164) 


Rh 


3 


C 




H 


H 


Si(CH3)3 


(165) 


Rh 


3 


D 






H 


H 


(166) 


Rh 


3 


E 


H 




COOC2H5 


H 


(167) 


Rh 


3 


E 


CH3 




H 


H 


(168) 


Rh 


3 


E 


CH3 




H 


0(CH2)6C2F5 


(169) 


Rh 


3 


E 


C3H7 




H 


H 


(170) 


Rh 


3 


E 


^10*^21 




H 


H 


(171) 


Rh 


3 


F 






H 


H 


(172) 


Rh 


3 


G 


H 




OCH2CH=CH2 


H 


(173) 


Rh 


3 


G 


CH3 




H 


CF3 


(174) 


Rh 


3 


H 


H 


H 


H 


H 



25 
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Table 14 (continued) 



5 



10 



KIa 

MO 


M 


n 


V 

Y 




R2 




Y 




Rh 


O 




u 
n 


U 

n 


H 




(176) 


Rh 


3 


K 


C2H5 




CI 


H 


(177) 


Rh 


3 


M 


H 


H 


H 


H 


(178) 


Rh 


3 


N 




H 


H 


H 


(179) 


Rh 


3 


P 


CH3 




H 


NO2 


(180) 


Rh 


3 


S 






H 


H 



Table 15 



25 



30 



35* 



40 



45 



No 


M 


n 


Y 


Ri 


R2 




X2 


(181) 


Rh 


3 


V 


H 


- 


H 


H 


(182) 


Rh 


3 


X 


H 


- 




H 


(183) 


Rh 


3 


C 


H 




OC7H15 


H 


(184) 


Pd 


2 


B 




- 


H 


H 


(185) 


Pd 


2 


C 


H 


H 


OCH3 


H 


(166) 


Pd 


2 


c 


H 


H 


H 


H 


(187) 


Pd 


2 


D 






H 


H 


(188) 


Pd 


2 


E 


H 




H 


CF3 


(189) 


Pd 


2 


E 


CH3 




H 


H 


(190) 


Pd 


2 


F 


C3H7 




H 


H 


(191) 


Pd 


2 


G 


H 




H 


H 


(192) 


Pd 


2 


G 


H 




Si(CH3)3 


H 


(193) 


Pd 


2 


1 


CH3 


. H 


NO2 


H 


(194) 


Pd 


2 


J 




H 


H 


H 


(195) 


Pd 


2 


L 


H 


H 


H 


H 


(196) 


Pd 


2 


M 


H 


H 


C4F9 


H 


(197) 


Pd 


2 


0 


H 




H 


C4H9 


(198) 


Pd 


2 


T 


H 




H 


H 


(199) 


Pd 


2 


W 






OCH3 


OCH3 


(200) 


Pd 


2 


A* 


CH3 


H 


H 


CI 



[0087] Hereinbelow, the present invention wilt be described more specifically based on Examples with reference to 
the drawing. 

50 Examples 1-1 - 1-10 

[0088] In these examples, metal coordination compounds of formula (1) (Ex. Comp. Nos. (M). (1-7). (1-17). (1-18). 
(1-21), (1-23). (1-32), (1-56). (1-67) and (1-74) were used in respective luminescence layers for Examples 1-1 - 1-10, re- 
spectively. 

55 [0089] Each of luminescence devices having a structure shown in Figure 1 B were prepared in the following manner. 
[0090] On a glass substrate (transparent substrate 1 5). a 100 nm-thick film (transparent electrode 14) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm?. 
[0091] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
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sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10^ Pa). 
Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 12) (20 nm): mixture of CBP: metal coordination compound of formula (1) 
(95:5 by weight) 

Organic layer 3 (electron transport layer 16) (30 nm): Alq3 

Metal electrode layer 1 (metal electrode 11) (15 nm): Al-Li alloy (Li = 1.8 wt. %) 

Metal electrode layer 2 (metal electrode 11 ) (100 nm): Al 



10 



15 



[0092] Each of the thus-prepared luminescence devices was taken out of the vacuum chamber and was subjected 
to a continuous energization test in an atmosphere of dry nitrogen gas stream so as to remove device deterioration 
factors, such as oxygen and moisture (water content). 

[0093] The continuous energization test was performed by continuously applying a voltage at a constant current 
density of 70 mA/cm^ to the luminescence device having the ITO (transparent) electrode (as an anode) and the Al 
(metal) electrode (as a cathode), followed by measurement of luminance (brightness) with time so as to determine a 
time (luminance half-life) required for decreasing an initial luminance (70 - 120 cd/m^) to 1/2 thereof. 
[0094] The results are shown in Table 16 appearing hereinafter. 



20 



Comparative Example 1-1 

[0095] A comparative luminescence device was prepared and evaluated in the same manner as in Example 1-1 - 1- 
10 except that the metal coordination compound of formula (1) was changed to Ir-phenylpyrimidine complex (lr(ppy)3) 
shown below. 
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[0096] The results are shown in Table 16 below. 



Table 16 



40 



45 



50 



Ex. No. 


Ex.Comp. No. 


Luminance half-life (Hr) 


1-1 


(1-4) 


750 


1-2 


(1-7) 


500 


1-3 


(1-17) 


900 


1-4 


(1-18) 


850 


1-5 


(1-21) 


850 


1-6 


(1-23) 


500 


1-7 


(1-32) 


600 


1-8 


(1-56) 


700 


1-9 


(1-67) 


400 


1-10 


(1-74) 


450 


Comp.Ex. 1-1 


lr(ppy)3 


350 



55 [0097] As is apparent from Table 16, compared with the conventional luminescence device using ir(ppy)3. the lumi- 
nescence devices using the metal coordination compounds of fonnuia (1 ) according to the present invention provide 
longer luminance half-lifes. thus resulting in an EL device having a high durability (luminance stability) based on a good 
stability of the metal coordination compound of formula (1 ) of the present invention. 
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Examples 1-11-1-13 

[0098] In these examples, metal coordination compounds of fomnula (1 ) (Ex. Comp. Nos. (1-1 ). (1-32) and (1-49) were 
used in respective luminescence layers for Examples i-11 - 1-13. respectively. 

[0099] Each of luminescence devices having a structure shown in Figure 1 C were prepared in the following manner. 
[0100] On a glass substrate (transparent substrate 15), a 100 nm-thick film (transparent electrode 14) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm?. 
[0101] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10^ Pa). 



Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 12) (20 nm): mixture of GBP: metal coordination compound of formula (1) 
(93:7 by weight) 

Organic layer 3 (exciton diffusion prevention layer 17) (10 nm): BOP 
15 Organic layer 4 (electron transport layer 16) (30 nm): Alq3 

Metal electrode layer 1 (metal electrode 11) (15 nm): Al-Li alloy (Li = 1.8 wt. %) 
Metal electrode layer 2 (metal electrode 11) (100 nm): At 

[0102] Separately, each of the metal coordination compounds of formula (1 ) (Ex. Comp. Nos. (M ), (1-32) and (1-49)) 

20 for the thus-prepared luminescence devices was subjected to measurement of photoluminescence spectrum in order 
to evaluate a luminescent characteristic of the metal coordination compounds of formula (1) (Ex. Comp. Nos. (1-1), (I- 
32) and (1-49)). Specifically, each of the metal coordination compounds was dissolved in toluene at a concentration of 
10-^ mol/1 and subjected to measurement of photo-luminescence spectrum at 25 ^'C by using excited light (ca. 350 nm) 
and a spectrophoto-fluorometer ("Model F4500", mfd. by Hitachi K.K.). 

25 [0103] The results are shown in Table 17 appearing hereinafter. 

[0104] The values of photoluminescence spectrum of the metal coordination compounds (Ex. Comp. Nos. (1-1), (I- 
32) and (1-49)) were substantially equivalent to those in the luminescence devices under voltage application as shown 
In Table 17. whereby it was confirmed that luminescence caused by the luminescence device was based on lumines- 
cence of the metal coordination compound used. 

30 [0105] EL characteristics of the luminescence devices using the metal coordination compounds of formula (1 ) (Ex. 
Comp. Nos. (1-1), (1-32) and (1-49)) were measured by using a microammeter ("Model 41 40B", mfd. by Hewlett-Packard 
Co.) for a current density under application of a voltage of 12 volts (current-voltage characteristic), using a spectro- 
photofluoro-meter ("Model SR1", mfd. by Topcon K.K.) for a peak emission wavelength Xpg (luminescence spectrum), 
and using a luminance meter ("Model BM7", mfd. by Topcon K.K.) for a luminescence efficiency (luminescence lumi- 

35 nance). Further, an energy conversion efficiency was obtained according to the following equation: 

Energy conversion efficiency (Im/W) 
^0 = (ic X luminescence efficiency 

(cd/A))/applied voltage (V). 

[0106] All the above-prepared luminescence devices showed a good rectification characteristic. 
45 [0107] The results are shown in Table 1 7. 

Comparative Example 1-2 

[0108] A comparative luminescence device was prepared and evaluated in the same manner as in Example 1-2 - 1- 
50 13 except that the metal coordination compound of formula (1 ) was changed to Ir-phenylpyrimidine complex (lr(ppy)3) 
shown below. 
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[0109] The results are shown in Table 1 7 below. 
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[0110] As shown In Table 17, compared with the luminescence device using lr(ppy)3 (Comparative Example 1-2) 
showing Xpg = 510 nm, the luminescence devices using the metal coordination compound of formula (1) according to 
the present Invention showed longer peak emission wavelengths (Xpg = 525 • 545 nm) by 15 • 35 nm. thus resulting 
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in smaller relative luminous efficiencies. 

[0111] Smaller energy conversion efficiencies (0.4-4.0 Im/W) and luminescence efficiencies (2.4 - 13.6 cd/A) of the 
luminescence devices of the present invention compared with those (6.0 ImA/V and 19.0 cd/A) of the luminescence 
device using lr(ppy)3 may be attributable to the smaller relative luminous efficiencies due to the longer peak emission 
5 wavelengths, thus not resulting in essentially inferior luminescent characteristics of the luminescence devices using 
the metal coordination compound of formula (1 ) of the present invention. 

[0112] As apparent from the results of the luminance half-lifes of the luminescence devices, compared with the 
luminescence device using lr(ppy)3 showing the luminance half-life of 150 hours, the luminescence devices using the 
metal coordination compounds of formula (1 ) according to the present invention showed considerably longer luminance 
10 half-lifes of 250 - 400 hours. 

Example 1-14 (Synthesis of Ex. Comp. No. (1-1 )) 

[0113] 

15 



^^y-B(0H)2 




[0114] In a 1 liter-three necked flask, 20.0 g (126.6 mM) of 2-bromopyridine. 17.7 g (126.4 mM) of 3-fluorophenyl- 
25 bronic acid. 130 ml of toluene. 65 ml of ethanol and 130 ml of 2M-sodium carbonate aqueous solution were placed 
and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 4.60 g (3.98 mM) of tetrakis 
(triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 6 hours under stirring in nitrogen gas 
stream. 

[0115] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
30 organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 

reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: toluene/ 
ethyl acetate = 5/1) to obtain 6.0 g of 2-(3-fluorophenyl)pyridine (pale brown liquid) (Yield: 34.6 %). 




F 

45 



[01 16] In a 1 00 ml-four necked flask, 50 ml of glycerol was placed and heat-stirred for 2 hours at 1 30 - 1 40 °C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 by standing. To glycerol, 1.04 g 
(6.00 mM) of 2-(3-fluorophenyI)pyridine and 0.50 g (1 .02 mM) of Iridium (III) acetylacetonate were added, followed by 
heat-refluxing for 10 hours under stirring in nitrogen gas stream. 
50 [0117] After the reaction, the reaction mixture was cooled to room temperature and poured into 300 ml of 1N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 5 hours at 100 °C 
under reduced pressure and purification by silica gel column chromatography (eluent: chloroform) to obtain 0.22 g of 
Iridium (III) tris[2-(3-fluorophenyl)pyridine] (yellow powder) (Yield: 31.0 %). 
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Example 1-15 (Synthesis of Ex. Comp. No. (1-32)) 



[0118] 



5 



10 



F3C 





F3Q 




\/-B{0H)2 



N 



15 



[0119] In a 1 liter-three necked flask, 20.8 g (131.6 mM) of 2-bromopyridine. 25.0 g (131 .6 mM) of 3-trifluorometh- 
ylphenylbronic acid, 130 ml of toluene, 65 ml of ethanol and 130 ml of 2M-sodium carbonate aqueous solution were 
placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 4.76 g (4.12 mM) of 
20 tetrakis (triphenytphosphine) palladium (0) was added, followed by heat-refluxing for 7 hours under stirring in nitrogen 
gas stream. 

[0120] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue (pale brown liquid). The residue was purified by silica gel column chromatography 
25 (eluent: totuene/hexane = 1/1 ) to obtain 6.0 g of 2-(3-trifluoromethylphenyl)pyridine (pale brown liquid) (Yield: 21.1%). 



[0121] In a 200 ml-four necked flask. 100 ml of glycerol was placed and heat-stirred for 2 hours at 130 - 140 while 
40 supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 **C by standing. To glycerol. 2.68 g 
(12.0 mM) of 2-(3-trifluoromethylphenyl)pyridine and 1.00 g (2.04 mM) of Iridium (III) acetylacetonate were added, 
followed by heat-refluxing for 10 hours under stirring in nitrogen gas stream. 

[0122] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 5 hours at 100 °C 
45 under reduced pressure. The precipitate was dissolved in chloroform and the insoluble matter was removed by filtration, 
followed by purification by silica gel column chromatography (eluent: chloroform) and recyrstallization from a mixture 
solvent (chloroform/methanol) to obtain 0.62 g of Iridium (III) tris[2-(3-trifluoromethytphenyl)-pyridinel (yellow powder) 
(Yield: 35.3 %), which showed a peak emission wavelength Xp^ tn toluene at 25 ""C of 487 nm. 



35 



30 




F3C 



50 



55 



32 



EP 1191 613 A2 

Example 1-16 (Synthesis of Ex, Comp, No. (1-49)) 
[0123] 

5 



10 




[0124J In a 1 liter-three necked flask, 25.6 g (141.0 mM) of 2-chloro-5-trifluoromethylpyridine, 17.2 g (141.0 mM) of 
phenylbronic acid. 140 ml of toluene. 70 ml of ethanol and 140 ml of 2M-sodium carbonate aqueous solution were 
IS placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 5.10 g (4.41 mM) of 
tetrakis (triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 6 hours under stirring in nitrogen 
gas stream. 

[0125] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
20 reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: toluene/ 
hexane = 5/1). The resultant creamy crystal was purified by alumina column chromatography (eluent: toluene) and 
recrystailized from ethanol to obtain 13.1 g of 2-phenyi-5-trifluoromethylpyridine (colorless crystal) (Yield: 41.6 %). 



Ir(CH3COCHCOCH3)3 

30 




F3C 

3$ < 

[0126] In a 200 mi-four necked fiask. 1 00 ml of glycerol was placed and heat-stin-ed for 2 hours at 1 30 - 140 °C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 2.68 g 
(12.0 mM) of 2-phenyl-5-trifluoromethylpyridine and 1.00 g (2.04 mM) of Iridium (III) acetylacetonate were added, 
followed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 
^0 [0127] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 4 hours at 100 °C 
under reduced pressure and purification by silica gel column chromatography (eluent: chloroform) to obtain 0.43 g of 
Iridium (III) tris-(2-phenyl-5-trifluoromethylpyridine) (orange powder) (Yield: 24.5 %). 

^5 Example 1-17 (Synthesis of Ex. Comp. No. (1-122)) 

[0128] 



50 




55 

[0129] In a 100 ml-three necked flask, 3.16 g (19.9 mM) of 2-bromopyridine, 3.16 g (20.0 mM) of 2,4-dif!uorophe- 
nylbronic acid, 15 ml of toluene. 7.5 ml of ethanol and 15 ml of 2M-sodium carbonate aqueous solution were placed 
and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture. 0.72 g (0.62 mM) of tetrakis 
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(triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 8 hours and 40 minutes under stirring in 
nitrogen gas stream. 

[0130] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and ethyl acetate. 
The organic layer was washed with water followed by distilling off of the solvent under reduced pressure to obtain a 
residue. The residue was purified by silica gel column chromatography (eluent: toluene/ethyl acetate =10/1) to obtain 
3.28 g of 2-(2,4-difluorophenyl)pyridine (pale yellow oily product) (Yield: 86.0 %). 



10 F F 



Ir(CH3COCHCOCH3)3 

15 




F 



[0131] In a 100 ml-four necked flask, 50 ml of glycerol was placed and heat-stirred for 2 hours at 130 - 140 °C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 0.96 g 
(5.02 mM) of 2-(2,4-dif1uorophenyl)pyridine and 0.50 g (1 .02 mM) of Iridium (ill) acetylacetonate were added, followed 

25 by heat-refluxing for 10 hours under stirring in nitrogen gas stream. 

[0132] After the reaction, the reaction mixture was cooled to room temperature and poured into 300 ml of 1 N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 5 hours at 100 °C 
under reduced pressure and purification by silica gel column chromatography (eluent: chloroform) and recrystallization 
from a mixture solvent (chloroform/methanol) to obtain 0.25 g of Iridium (III) tris[2-(4,6-difluorophenyl)-pyridine] (yellow 

30 powder) (Yield: 32.1 %), which showed a peak emission wavelength Xp^ in toluene at 25 ""C of 471 nm. 

Example 1-18 (Synthesis of Ex. Comp. No. (1-121)) 
[0133] 



40 




4S [01 34] In a 500 ml-three necked flask, 1 1 .0 g (45.3 mM) of 5-bromo-2-fluorobenzotrif!uoride and 90 ml of dry tetrahy- 
drofuran (THF) were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 
2.60 g (2.25 mM) of tetrakis(triphenylphosphine) palladium (0) was added, followed by cooling to 20 - 21 °C (inner 
temperature) on an ice bath in nitrogen gas stream. At that temperature, 90 ml of 0.5 M-THF solution of 2-pyridylzinc 
bromide was gradually added dropwise to the mixture in nitrogen gas stream, followed by stirring for 4 hours at that 

50 temperature. 

[0135] After the reaction, the reaction mixture was poured into cool water, followed by addition of ethyl acetate to 
remove the insoluble matter by filtration. The organic layer was washed with water and dried with anhydrous sodium 
sulfate, followed by distilling-off of the solvent under reduced pressure to obtain a residue. 

[01 36] The residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate = 20/1 ) to obtain 
55 1.80 g of 2-(4-fluoro-3-trifluoromethyl-phenyl)pyridine (pale brown oily product) (Yield: 16.6 %). 
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Ir(CH3COCHCOChb)3 

10 




[0137] In a 1 00 ml-four necked flask, 50 ml of glycerol was placed and heat-stin-ed for 2 hours at 1 30 - 140 °C while 
IS supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 **C by standing. To glycerol, 1.21 g 
(5.02 mM) of 2-(4-fluoro-3-trifluoromethylphenyl)pyridine and 0.50 g (1.02 mM) of Iridium (III) acetylacetonate were 
added, followed by heat-refluxing for 10 hours under stirring in nitrogen gas stream. 

[0138] After the reaction, the reaction mixture was cooled to room temperature and poured into 300 ml of 1 N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 5 hours at 100 ^'C 
20 under reduced pressure and purification by silica gel column chromatography (eiuent: chloroform) and recrystallization 
from a mixture solvent (chloroform/methanol) to obtain 0.20 g of Iridium (III) tris[2-(4-fluoro-5-trifluoromethyl-phenyl) 
pyridine] (yellow powder) (Yield: 21 .5 %), which showed a peak emission wavelength Xp^ in toluene at 25 ""C of 466 nm. 

Example M9 (Synthesis of Ex. Comp. No. (1-111)) 

25 

[0139] 



30 




35 ' 

[0140] In a 500 ml-three necked flask, 11.8 g (45.5 mM) of 5-bromo-2-chlorobenzotrifluoride and 90 ml of dry tet- 
rahydrofuran (THF) were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 
2.60 g (2.25 mM) of tetrakis(triphenylphosphine) palladium (0) was added, followed by cooling to 13.5 - 14 ""C (inner 

40 temperature) on an ice bath in nitrogen gas stream. At that temperature, 90 ml of 0.5 M-THF solution of 2-pyridylzinc 
bromide was gradually added dropwise to the mixture in nitrogen gas stream, followed by stirring for 3 hours at ca. 20 ^C. 
[0141] After the reaction, the reaction mixture was poured into cool water, followed by addition of ethyl acetate to 
remove the insoluble matter by filtration. The organic layer was washed with water and dried with anhydrous sodium 
sulfate, followed by distilling-off of the solvent under reduced pressure to obtain a residue. The residue was purified 

^5 by silica gel column chromatography (eiuent: hexane/ethyl acetate - 10/1) to obtain 3.70 g of 2-(4-chloro-5-trifluor- 
omethylphenyl)pyridine (pale brown oily product) (Yield: 31.9 %). 
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Ir(CH3COCHCOCH3)3 




[0142] In a 100 ml-four necked flask. 50 ml of glycerol was placed and heat-stirred for 2 hours at 130 - 140 °C while 
^5 supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 1.29 g 
(5.01 mM) of 2-(4-chloro-3-trifluoromethylphenyI)pyridine and 0.50 g (1.02 mM) of Iridium (III) acetylacetonate were 
added, followed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 

[0143] After the reaction, the reaction mixture was cooled to room temperature and poured into 300 ml of 1N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 5 hours at 100 "^C 
20 under reduced pressure and purification by silica gel column chromatography (eluent: chloroform) and recrystallization 
from a mixture solvent (chloroform/hexane) to obtain 0.25 g of Iridium (III) tris[2-(4-chloro-3-trifIuoromethylphenyl)py- 
ridine] (yellow powder) (Yield: 25.4 %), which showed a peak emission wavelength Xpg in toluene at 25 °C of 479 nm. 
Comparative Example 1-3 (Synthesis of metal coordination compound A) 

[0144] A metal coordination compound A (iridium (III) tris[2-(4,5-difluoromethylphenyl)pyridine described in Polymer 
25 Preprints, 41 (1 ), pp. 770 - 771 (2000)) was prepared In the same manner as in Example 1 7 except that 2,4-difluoroph- 
enylbronic acid was changed to 3,4-difluorophenylbronic acid. 

[0145] The metal coordination compound A showed a peak emission wavelength A.pg in toluene at 25 ^C of 505 nm. 
Example 1-20 and Comparative Example M 

30 

[0146] Two luminescence devices were prepared and evaluated in the same manner as in Examples 1-1 to 1-10 
except that the metal coordination compound was changed to one (Ex. Comp. No. (122)) prepared in Example 1-18 
(for Example 1-20) and the metal coordination compound A prepared in Comparative Example 3 (for Comparative 
Example 4). respectively. 

35 [0147] The results are shown in Table 18 below. '* 



Table 18 



Ex. No. 


Ex. Comp. No. 


Luminance half-life (Hr) 


1-20 

Comp.Ex. 1-4 


(1-122) 

Metal coordination compound A 


630 
310 



[0148] As apparent from Table 18, the luminescence device using the metal coordination compound of formula (1 ) 
according to the present invention exhibited a luminance half-life considerably longer than that of the luminescence 
45 device using the metal coordination compound A, thus resulting in an EL device excellent in durability (luminance 
stability). 

[0149] As described hereinabove, the metal coordination compound of formula (1 ) according to the present invention 
provides a higher phosphorescence efficiency and a shorter phosphorescence life and allows control of its emission 
wavelength by appropriately modifying the substituents XI to X8. thus being suitable as a luminescent material for EL 
50 device. 

[0150] The result EL device (luminescence device) having an organic layer containing the metal coordination com- 
pound of formula (1) exhibits excellent characteristics including a high efficiency luminescence, a high luminance for 
a long period, and a decreased luminescence deterioration in energized state. 

55 Examples 11-1 - IMS 

[0151] In these examples, metal coordination compounds of formula (1) (Ex, Comp. Nos. (11-10), (11-15). (11-17). (II- 
21), (11-39). (11-43). (11-46). (11-85), (11-96). (11-122). (11-131). (11-146), (11-163). (11-177) and (11-182) were used in respective 
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luminescence layers for Examples 11-1 - 11-15, respectively. 

[0152] Each of luminescence devices having a structure shown in Figure 1 B were prepared in the following manner. 
[0153] On a glass substrate (transparent substrate 15), a 100 nm-thick film (transparent electrode 14) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm?. 
5 [01 54] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10^ Pa). 

Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 12) (20 nm): mixture of GBP: metal coordination compound of fomnula (2) 
10 (95:5 by weight) 

Organic layer 3 (electron transport layer 16) (30 nm): Alq3 

Metal electrode layer 1 (metal electrode 11) (15 nm): Al-Li alloy (Li = 1.8 wt. %) 

Meta! electrode layer 2 (metal electrode 11) (100 nm): Al 

15 [0155] Each of the thus-prepared luminescence devices was taken out of the vacuum chamber and was subjected 
to a continuous energization test in an atmosphere of dry nitrogen gas stream so as to remove device deterioration 
factors, such as oxygen and moisture (water content). 

[0156] The continuous energization test was performed by continuously applying a voltage at a constant current 
density of 70 mA/cm^ to the luminescence device having the ITO (transparent) electrode (as an anode) and the Al 
20 (metal) electrode (as a cathode), followed by measurement of luminance (brightness) with time so as to determine a 
time (luminance half-life) required for decreasing an initial luminance (60 - 220 cd/m^) to 1/2 thereof. 
[0157] The results are shown in Table 19 appearing hereinafter. 

Comparative Example 11-1 

25 

[0158] A comparative luminescence device was prepared and evaluated in the same manner as in Example 11-1 - 
11-1 5 except that the metal coordination compound of formula (2) was changed to Ir-phenylpyrimidine complex (lr(ppy)3) 
shown below. 
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[0159] The results are shown in Table 19 below. 



Table 19 



45 



Ex. No. 



Ex.Comp. No. 



Luminance half-life (Hr) 



55 



50 



11-1 

11-2 

11-3 

IM 

11-5 

11-6 

11-7 

11-8 

11-9 

IMO 

n-11 



(IMO) 

(11-15) 

(11-17) 

(11-21) 

(11-39) 

(11-43) 

(IMS) 

(11-85) 

(11-96) 

(11-122) 

(11-131) 



750 
950 
800 
850 
900 
750 
900 
500 
650 
650 
600 
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Table 19 (continued) 



Ex. No. 


Ex.Comp, No. 


Luminance half-life (Hr) 


11-12 


(11-146) 


550 


11-13 


(11-163) 


600 


11-14 


(11-177) 


450 


n-15 


(11-182) 


450 


Comp.Ex. 11-1 


lr(ppy)3 


350 



[0160] As is apparent from Table 19. compared with the conventional luminescence device using lr(ppy)3. the lumi- 
nescence devices using the metal coordination compounds of fomnula (2) according to the present invention provide 
longer luminance half-lifes. thus resulting in an EL device having a high durability (luminance stability) based on a good 
stability of the metal coordination compound of formula (2) of the present invention. 

Examples 11-16- IM 7 



[0161] In these examples, metal coordination compounds of formula (2) (Ex. Comp. Nos. 11-15 and 11-17 were used 
in respective luminescence layers for Examples 11-16 - 11-17, respectively. 

[0162] Each of luminescence devices having a structure shown in Figure 1C were prepared in the following manner. 
[0163] On a glass substrate (transparent substrate 1 5), a 1 00 nm-thick film (transparent electrode 14) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm?. 
[0164] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10^ Pa). 

Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 12) (20 nm): mixture of GBP: metal coordination compound of formula (2) 

(93:7 by weight) 

Organic layer 3 (exciton diffusion prevention layer 17) (10 nm): BOP 
Organic layer 4 (electron transport layer 16) (30 nm): Alq3 
Metal electrode layer 1 (metal electrode 11) (15 nm): Al-Li alloy (Li = 1.8 wt. %) 
Metal electrode layer 2 (metal electrode 11) (100 nm): Al 



[0165] Separately, each of the metal coordination compounds of formula (2) (Ex. Comp. Nos. (IM5 and (11-17))) for 
, the thus-prepared luminescence devices was subjected to measurement of photoluminescence spectrum in order to 
evaluate a luminescent characteristic of the metal coordination compounds of formula (2) (Ex. Comp. Nos. (11-15) and 
(11-17)). Specifically, each of the metal coordination compounds was dissolved in toluene at a concentration of 10*^ 
moi/l and subjected to measurement of photoluminescence spectrum at 25 ^'C by using excited light (ca. 350 nm) and 
a spectrophoto-fluorometer ("Model F4500", mfd. by Hitachi K.K.). 
[0166] The results are shown in Table 20 appearing hereinafter. 

[0167] The values of photoluminescence spectrum of the metal coordination compounds (Ex. Comp. Nos. (11-15) 
and (11-17)) were substantially equivalent to those in the luminescence devices under voltage application as shown in 
Table 20, whereby it was confirmed that luminescence caused by the luminescence device was based on luminescence 
of the metal coordination compound used. 

[0168] EL characteristics of the luminescence devices using the metal coordination compounds of formula (1) (Ex. 
Comp. Nos. (1-1 ), (1-32) and (1-49)) were measured by using a microammeter ("Model 41 408", mfd. by Hewlett-Packard 
Co.) for a current density under application of a voltage of 12 volts (current-voltage characteristic), using a spectro- 
photofluoro-meter ("Model SRI", mfd. by Topcon K.K.) for a peak emission wavelength Xp^ (luminescence spectrum), 
and using a luminance meter ("Model BM7". mfd. by Topcon K.K.) for a luminescence efficiency (luminescence lumi- 
nance). Further, an energy conversion efficiency was obtained according to the following equation: 



Energy conversion efficiency (Im/W) 



= (n X luminescence efficiency 

55 

(cd/A))/applied voltage (V). 
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[0169] All the above-prepared luminescence devices showed a good rectification characteristic. 
[0170] The results are shown in Table 20. 

Comparative Example il-2 

[0171] A comparative luminescence device was prepared and evaluated in the same manner as in Example 11-16 - 
IM 7 except that the metal coordination compound of formula (1) was changed to Ir-phenylpyrimidine complex (lr(ppy)3) 
shown below. 
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[0172] The results are shown in Table 20 below. 



55 



39 



EP1 191 613 A2 



10 



15 



20 



25 



30 



■■'35 



40 



45 



50 



0) 

o 
c 
« 
c 

3 



(A 
C 

■D 

c 

fc 

O 



o 
c 
a> 
o 

c 
E 

3 



a, 

eg 



> 
eg 



o 

> 

o 
c 
a> 



1 S 



o 

CM 
(0 



> 
c 
o 
o 



25 -5 



c 

Ul 



-15 — 
c 

o ^ 
E 

c c 

lU 
CL 



a 

E 
o 
O 

X 

UJ 



o 
z 

X 



o 
in 

CM 



o 
o 

CO 



O 
in 



o 

00 



o 

CM 



O 



O 



O 



in 
<o 
in 



in 

CD 

in 



CM 

in 



in 
in 



o 
in 



I 



I 



I 

n 



> 
a 



CM 

I 



a 
E 
o 
o 



55 



[0173] As shown in Table 20. compared with the luminescence device using lr(ppy)3 (Comparative Example il-2) 
showing Xp^ = 510 nm. the luminescence devices using the metal coordination compound of formula (2) according to 
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the present invent on showed longer peak emission wavelengths {Xp^ - 565 nm) by 55 nm, thus resulting In smaller 
relative luminous efficiencies. 

[0174] Smaller energy conversion efficiencies (0.9-3.4 Im/W) and luminescence efficiencies (7,5 - 9.6 cd/A) of the 
luminescence devices of the present invention compared with those (6.0 Im/W and 19.0 cd/A) of the luminescence 
5 device using lr(ppy)3 may be attributable to the smaller relative luminous efficiencies due to the longer peak emission 
wavelengths, thus not resulting in essentially Inferior luminescent characteristics of the luminescence devices using 
the metal coordination compound of formula (2) of the present invention. 

[0175] As apparent from the results of the luminance half-lifes of the luminescence devices, compared with the 
luminescence device using lr(ppy)3 showing the luminance half-tife of 150 hours, the luminescence devices using the 
^0 metal coordination compounds of formula (2) according to the present invention showed considerably longer luminance 
half-lifes of 250 - 300 hours. 

Example IMS (Synthesis of Ex. Comp. No. (11-15)) 

IS [0176] 
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i >-B(OH)2 
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[0177] In a 5 liter-three necked flask. 169.5 g (1.28 M) of 1.2,3,4-tetrahydronaphthalene and 3 liters of acetic acid 
were placed and stirred at room temperature. Under stirring, to the mixture, 650 g (1 .67 M) of benzyltrimethylammonlum 
bromide and 244.8 g (1.80 M) of zinc chloride were successively added, followed by stirring for 5.5 hours at 70 ^C. 
After the reaction, the reaction mixture was cooled to room temperature and poured Into 3 liters of Ice water, followed 
by extraction with methyl t-butyl ether. The organic layer was successively washed with 5 %-NaHS03 aqueous solution. 
5 %-NaOH aqueous solution and distilled water, followed by distillingoff of the solvent under reduced pressure to 
obtain 243.2 g of a dark brown liquid. The liquid was subjected to vacuum distillation (distillation under reduced pres- 
sure) (boiling point = 1 08 - 1 1 0 °C at 667 Pa) to obtain 1 30.2 g of 6-bromo-1 ,2.3,4-tetrahydronaphthalene (Yield: 48. 1 %). 
[0178] In a 5 liter-three necked flask, 67.55 g of 6-bromo-1 ,2,3,4-tetrahydronaphthalene and 1480 ml of dry tetrahy- 
drofuran (THF) were placed and cooled to -70 to -68 ''C on a dry ice-acetone bath in a dry nitrogen gas atmosphere. 
At that temperature, to the mixture. 200 ml of 1.6 M-butyllithium solution in hexane was added dropwise. followed by 
stirring for 2 hours at -67 °C or below. To borate In 435 ml of dry THF was added dropwise at -70 to -68 °C, followed 
by stlmng for 2 hours at -67 ''C or below. The reaction mixture was gradually warmed to room temperature and left 
standing ovemlght. The resultant reaction mixture was gradually added dropwise to a mixture of 108 ml of HCl and 
438 ml of water kept at 10 ''C or below, followed by stirring for 1 hour at that temperature. Thereafter, the mixture was 
subjected to extraction with toluene. The organic layer was washed with water, followed by distilling-off of the solvent 
under reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toluene/ethyl acetate = 2/1 ) and recrystallized from hexane to obtain 30.4 g of 1 ,2,3,4-tetrahydronaphthaIene-6-boronic 
acid (Yield: 54.0 %). 



45 



50 




(0H)2 




55 [0179] In a 1 liter-three necked flask. 17.8 g (114 mM) of 2-bromopyridine, 20.0 g (127 mM) of 1.2.3,4-tetrahydro- 
naphthalene-6-bronlc acid, 160 ml of toluene, 80 ml of ethanol and 160 ml of 2M-sodlum carbonate aqueous solution 
were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 4.05 g (3.5 mM) 
of tetrakis (triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 7 hours under stirring In nitrogen 
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gas stream. 

[0180] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene, and 
distilling off of the solvent under reduced pressure to obtain a residue. The residue was purified by silica gel column 
chromatography (eluent: toluene/hexane = 2/1 ) to obtain 9.2 g of 6-(pyridine-2-yt)-1 ,2,3,44etrahydronaphthaiene (yel- 
5 low liquid) (Yield: 38.6 %). 



10 

Ir(CH3COCHCOCK3)3 

15 




20 [0181] In a 100 ml-four necked flask, 50 ml of glycerol was placed and heat-stirred for 2 hours at 130 - 140 ""C while 
supplying nitrogen gas therein in the fomn of bubbles, followed by cooing to 100 °C by standing. To glycerol, 1.30 g 
(6.21 mM) of 6-(pyridine-2-yl)-1 .2,3,4-tetrahydronaphthalene and 0.50 g (1 .02 mM) of Iridium (111) acetylacetonate were 
added, followed by heat-refluxing for 5 hours under stirring in nitrogen gas stream. 

[0182] After the reaction, the reaction mixture was cooled to room temperature and poured into 100 ml of 1N-HCI. 
25 The resultant precipitate was recovered by filtration and washed with water, followed by washing with acetone and 

purification by silica gel column chromatography (eluent: chloroform) to obtain 0.14 g of Iridium (III) tris[6-(pyridine- 
2-yl)-1,2,3.4-tetrahydronaphthalene] (orange powder) (Yield: 16.8 %). 

Example 11-19 (Synthesis of Ex. Comp. No. (11-17)) 

30 

[0183] 



35 




40 

[0184] In a 200 ml-four necked flask, 5.16 g (28.4 mM) of 2-chIoro-5-trifluoromethyl. 5.00 g (28.4 mM) of 1.2.3.4-tet- 
rahydronaphtha!ene-6-bronic acid. 25 ml of toluene, 12.5 ml of ethanol and 25 ml of 2M-sodium carbonate aqueous 
solution were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 1.02 g 
45 (0.88 mM) of tetrakis (triphenyiphosphtne) palladium (0) was added, followed by heat-refluxing for 3.25 hours under 
stirring in nitrogen gas stream. 

[0185] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene, and 
distilling off of the solvent under reduced pressure to obtain a residue. The residue was purified by silica gel column 
chromatography (eluent: toluene/hexane = 1/1) and alumina column chromatography (eluent: toluene) and recrystal- 
50 iized from methanol to obtain 3.14 g of 6-(5-trif1uoro-methylpyridine-2-yl)-1,2,3.4-tetrahydronaphthalene (coloriess 
crystal) (Yield: 39.9 %). 
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[0186] In a 1 00 ml-four necked flask, 50 ml of glycerol was placed and heat-stinred for 2 hours at 1 30 - 140 ^'C while 
^5 supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 by standing. To glycerol, 1.72 g 

(6.20 mM) of 6-(5-trifluoromethyIpyridine-2-yl)-1.2,3,4-tetrahydronaphthalene and 0.50 g (1.02 mM) of Iridium (III) 

acetylacetonate were added, followed by heat-refluxlng for 7 hours under stirring in nitrogen gas stream. 

[0187] After the reaction, the reaction mixture was cooled to room temperature and poured into 100 ml of 1N-HCI. 

The resultant precipitate was recovered by filtration and washed with water, followed by washing with acetone and 
20 purification by silica gel column chromatography (eluent: chloroform) to obtain 0.11 g of Iridium (III) tris[6-(5-trifluor- 

omethylpyridine-2-yl)-1.2,3,4-tetrahydronaphthalene] (orange powder) (Yield: 10.5 %). 

[0188] As described hereinabove, the metal coordination compound of formula (2) according to the present invention 
provides a higher phosphorescence efficiency and a shorter phosphorescence life and allows control of its emission 
wavelength by appropriately modifying the alkylene group Y and/or substituents XI and X2, thus being suitable as a 

25 luminescent material for EL device. 

[0189] The result EL device (luminescence device) having an organic layer containing the metal coordination com- 
pound of formula (2) exhibits excellent characteristics including a high efficiency luminescence, a high luminance for 
a long period, and a decreased luminescence deterioration in energized state. A luminescence device is principally 
constituted by a pair of electrodes and an organic compound layer disposed therebetween. The layer contains a metal 

30 coordination compound represented by the following formula (1 ): 




(1), 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; and XI to X8 independently denote hydrogen atom or a substituent selected 
50 from the group consisting of halogen atom; nitre group; trifluoromethyl group trialkylsilyl group having three linear or 
branched alkyi groups each independently having 1-8 carbon atoms; and a linear or branched alkyl group having 2 
- 20 carbon atoms capable of including one or at least two non-neighboring methylene groups which can be replaced 
with -0-, -S-, -CO-. -C0-0-, -0-C0-, -CH=CH- or -C^C- and capable of including hydrogen atom which can be replaced 
with fluorine atom; with the proviso that at least one of XI to X8 is a substituent other than hydrogen atom, and X2 and 
55 X3 cannot be fluorine atom at the same time. 
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Claims 

1. A luminescence device, comprising: an organic compound layer comprising a metal coordination compound rep- 
resented by the following formula (1): 



10 



15 



20 




(1), 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; and X1 to X8 independently denote hydrogen atom or a substituent 
selected from the group consisting of halogen atom; nitro group; trifiuoromethyl group trialkylsiiyi group having 
25 three linear or branched alkyi groups each independently having 1-8 carbon atoms; and a linear or branched 

alkyi group having 2 - 20 carbon atoms capable of including one or at least two non-neighboring methylene groups 
which can be replaced with -0-, -S-, -CO-, -CO-0-, -0-CO-, -CH=CH- or -C=C- and capable of including hydrogen 
atom which can be replaced with fluorine atom; with the proviso that at least one of X1 to X8 is a substituent other 
than hydrogen atom, and X2 and X3 cannot be fluorine atom at the same time. 

30 

2. A device according to Claim 1 . wherein at least two of X1 to X8 are substituents other than hydrogen atom. 

3. A device according to Claim 1 or 2. wherein at least one of X5 to X8 is a substituent other than hydrogen atom. 

35 4. A device according to any one of Claims 1 -3, wherein at least two of XI to X4 are sObstituents other than hydrogen 
atom. 

5. A device according to any one of Claims 1-4. wherein at least one of X2, X3 and X4 has a Hammett's substituent 
constant of at least 0.2 with respect to the carbon atom connected to M, and the metal coordination compound 

^0 exhibits a peak emission wavelength in toluene at 25 ''C of at most 490 nm. 

6. A device according to any one of Claims 1-5, wherein X2, X3 and X4 provides a sum of Hammett's substituent 
constant of at least 0.41 with respect to the carbon atom connected to M, and the metal coordination compound 
exhibits a peak emission wavelength in toluene at 25 ®C of at most 490 nm. 

45 

7. A device according to Claim 6. wherein the sum of Hammett's substituent constant is at least 0.50. 

8. A luminescence device, comprising: an organic compound layer comprising a metal coordination compound having 
at least one substituent. wherein 

50 said at least one substituent includes a substituent having a Hammett's substituent constant of at least 0.2, 

and the metal coordination compound exhibits a peak emission wavelength in toluene at 25 ''C of at most 490 nm. 

9. A device according to Claim 8, wherein said at least one substituent includes two or more substituents each having 
a Hammett's substituent constant of at least 0.2. 

55 

1 0. A device according to any one of Claims 1 -9, further comprising a pair of electrodes oppositely disposed to sandwich 
the organic compound layer, wherein a voltage is applied between the pair of electrodes to cause luminescence. 
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A display apparatus, comprising: a luminescence device according to any one of Claims 1-10 and drive means for 
driving the luminescence device. 

A metal coordination compound, adapted for use in a luminescence device, represented by the following formula 
(1): 



(1). 

n 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; and XI to X8 independently denote hydrogen atom or a substituent 
selected from the group consisting of halogen atom; nitro group; trifluoromethyl group trialkylsilyl group having 
25 three linear or branched alkyi groups each independently having 1-8 carbon atoms; and a linear or branched 

alkyi group having 2 - 20 carbon atoms capable of including one or at least two non-neighboring methylene groups 
which can be replaced with -0-. -S-. -CO-, -C0-0-, -0-CO-, -CH=CH- or -C=C- and capable of including hydrogen 
atom which can be replaced with fluorine atom; with the proviso that at least one of XI to X8 is a substituent other 
than hydrogen atom, and X2 and X3 cannot be fluorine atom at the same time. 

30 

13. A compound according to Claim 12. wherein at least two of XI to X8 are substituents other than hydrogen atom. 

14. A compound according to Claim 1 2 or 1 3. wherein at least one of X5 to X8 is a substituent other than hydrogen atom. 

35 15. A compound according to any one of Claims'12 - 14, wherein at least two of XT to X4 are substituents other than ' 
hydrogen atom. 

16. A compound according to any one of Claims 12-15, wherein at least one of X2, X3 and X4 has a Hammetfs 
substituent constant of at least 0.2 with respect to the carbon atom connected to M, and the metal coordination 

40 compound exhibits a peak emission wavelength in toluene at 25 "C of at most 490 nm. 

17. A compound according to any one of Claims 12-16, wherein X2, X3 and X4 provides a sum of Hammetfs sub- 
stituent constant of at least 0.41 with respect to the carbon atom connected to M, and the metal coordination 
compound exhibits a peak emission wavelength in toluene at 25 °C of at most 490 nm. 

45 

18. A compound according to Claim 17. wherein the sum of Hammett's substituent constant is at least 0.50. 

19. A metal coordination compound having at least one substituent adapted for use in a luminescence device, wherein 

said at least one substituent includes a substituent having a Hammett's substituent constant of at least 0.2, 
50 and the metal coordination compound exhibits a peak emission wavelength in toluene at 25 25 ^C of at most 490 nm. 

20. A compound according to Claim 19. wherein said at least one substituent includes two or more substituents each 
having a Hammett's substituent constant of at least 0.2. 

55 21. A luminescence device, comprising: an organic compound layer comprising a metal coordination compound rep- 
resented by the following formula (2): 




11. 



12. 
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(2), 



n 



20 



25 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; Y denotes an alkylene group having 2-4 carbon atoms capable of 
including one or at least two non-neighboring methylene groups which can be replaced with -0-» -S- or -CO- and 
capable of including hydrogen atom which can be replaced with a linear or branched alkyi group having 1-10 
carbon atoms; and XI and X2 independently denote hydrogen atom; halogen atom; nitro group; trialkylsilyl group 
having 1 - 8 carbon atoms; or a linear or branched alkyI group having 1-20 carbon atoms capable of including one 
or at least two non-neighboring methylene groups which can be replaced with -0-, -S-, -CO-. -C0-0-, -0-C0-, 
-CH=CH- or -CsC- and capable of including hydrogen atom which can be replaced with fluorine atom. 



22. A device according to Claim 21, wherein at least one of XI to X2 is hydrogen atom. 



30 



23. A device according to Claim 21 or 22, further comprising a pair of electrodes oppositely disposed to sandwich the 
organic compound layer, wherein a voltage is applied between the pair of electrodes to cause luminescence. 



24. A metal coordination compound, adapted for use in a luminescence device, represented by the following formula 
(2): 
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(2), 



n 



50 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; Y denotes an alkylene group having 2-4 carbon atoms capable of 
including one or at least two non-neighboring methylene groups which can be replaced with -0-. -S- or -CO- and 
capable of including hydrogen atom which can be replaced with a linear or branched alkyI group having 1-10 
55 carbon atoms; and XI and X2 independently denote hydrogen atom; halogen atom; nitro group; trialkylsilyl group 

having 1-8 carbon atoms; or a linear or branched alkyI group having 1-20 carbon atoms capable of including one 
or at least two non-neighboring methylene groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, 
-CH^CH- or -C^C- and capable of including hydrogen atom which can be replaced with fluorine atom. 
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25. A compound according to Claim 24. wherein at least one of XI to X2 is hydrogen atom. 
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FIG. lA 




FIG. IB 




FIG. IC 
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